Abstract. According to requirements of the leaves position precision control of multi-leaf collimator (MLC) in the process of radiotherapy, the structure and working principle of the multi-leaf collimator of conformal radiation therapy apparatus was described. Firstly, the model of PID iterative learning control was described, and the model of iterative learning control based on cross-coupling was proposed to reduce the position error of MLC leaves. The experimental results show that this method can meet the needs of the control precision of the leaves' position of the multi-leaf collimator.
Introduction
With the deeply research on radiotherapy, the development of equipment for radiotherapy has made great progress. Then it is very important to precisely locate on the tumor and adjust the radiation dose. The purpose of the Multi-leaf collimator (MLC) is to realize the conformal radiotherapy [1, 2] So, the research of the position [3] of the leaves of the MLC has much more practical significance [4] . The multi-leaf collimator is controlled to enable the leaf to reach the predetermined position accurately, improve the dose accuracy at each point within the control irradiation field, and reduce the complications of surrounding normal tissue, and effectively improve the gain ratio of treatment in the radiation therapy.
The iterative learning control [5] achieves some improvement in control objectives by iterative correction. The iterative learning control algorithm is simple and can realize the actual trajectory of the unknown object in a given time frame to track the desired trajectory with high precision and does not depend on the precise mathematical model of the system.
The main idea of cross-coupled control is to build a real time contouring error control model and feedback correction signal to the individual axes velocity loop. The control parameters of cross-coupled control are easy to adjust and the dynamic Equations of the system are not essential. However, traditional CCC scheme is based on velocity loop, it is not suitable for the system which has already set up for position loop to solve this problem [6] .
Working Principle of Multi-leaf Collimator
The multi-leaf collimator is mainly composed by a plurality of leaves, which are arranged in pairs. In radiation therapy system, the position of MLC leaves will be determined based on the shape of the tumor, and the shape of the rays that pass through the MLC is similar to the projection on the irradiated surface of the tumor. The working principle diagram of MLC is shown in Figure 1 .
In practical applications, each leaf of MLC is driven by an micro electric motor, and the rotational movement of the motor is converted to a linear motion of the leaf by screw rod. Each leaf has a set of independent controller. The electric motor that has been used in this system includes stepping motor, DC servo motor, and brushless DC motor. The brushless DC motor (BLDC motor) is widely used in MLC control system with many unique advantages. The practical work principle of conformal radiotherapy for multi-leaf collimator is shown in Figure 2 . The structure diagram of the close-loop position control system is shown in Figure 3 . 
Design of the Iterative Learning Control Based on Cross-coupling

Iterative Learning Control
Iterative learning control is in fact similar to the human learning process. A person's mastery of a skill usually goes through countless exercises and continues to learn from the failure to succeed. The classical Arimoto iterative learning control law is shown in Eq. 1 The PID iterative learning control law is described in Eq. 2: 
Iterative Learning Control Based on Cross-coupling
Since the iterative control can solve the periodic error problem, the iterative based on cross-coupling control can effectively improve the control precision of the periodic motion system. The cross-coupling and iterative learning control strategies are described in Eq. 3:
L is the study law of ILC, L ε is the control law of cross-coupling, C is the synchronization factor (also called coupling operator), ( ) i e t and ( ) i t ε are the leaves tracking error and synchronization error respectively.
Cross-coupled control law using PD-type, iterative learning control law using PID type, then e L and L ε can be expressed as Eq. 4. 
Experimental and Results
The simulation experiment block diagram of iterative learning control based on cross-coupling is shown in the Figure 4 . In order to validate the method proposed in this paper, the two leaves are the controlled object, the input signals for the two leaves are 5 sin(3 ) t ⋅ and cos (5 ) t , respectively. The tracking process of 20-time iterations learning is shown in Figure 5 . The location tracking of 20-time iterative learning is shown in Figure 6 . 
Conclusion
Combining iterative learning and cross coupling control algorithms, taking into account the mutual influence of the positional error between adjacent leaves of the multi-leaf collimator. To a certain extent, reduce the position error of the leaves due to friction collision between the leaves. The method proposed in this paper satisfies the control requirements for the accuracy of the leaves in the process of radiotherapy.
